Summary Cytogenetic analyses of 2 Astyanax scabripinnis populations from the Amores stream and from Índios river, Ivaí basin (state of Paraná, Brazil), were carried out. The 2 populations showed same diploid number (2nϭ48), although differed in the karyotype formulae (8M, 24SM, 4ST, 12A; 8M, 20SM, 6ST, 14A respectively) and in Ag-NOR chromosome number (4, 3 NOR pairs respectively). Constitutive heterochromatin pattern for both populations showed weak centromere markings and big highly stained blocks in the telomeric regions of chromosomes ST and A, coupled to intra-and inter-individual polymorphism with regard to the number of highly stained blocks and in the heterochromatin quantity in homologues of certain chromosomes. Karyotype diversity in different Astyanax scabripinnis populations from Ivaí river basin is discussed. The objective of the present study was to detect possible variations that would provide a better understanding of the group's evolution.
Characidae is the largest and the most complex family of Characiformes, comprising approximately 30 subfamilies and includes the Tetragonopterinae with approximately 50 genera and 400-500 species (Britski et al. 1986 ). This subfamily occurs throughout all South and Central America, from the U.S.-Mexican border to Argentina (Britski 1972) .
Genus Astyanax, the largest and the oldest of the Tetragonopterinae, with wide geographical distribution and predominance in South America, comprises more than 62 species and subspecies in Brazilian rivers (Géry 1977) . Extensive karyotype diversity has been reported in its species, with diploid numbers ranging from 2nϭ36 (A. schubarti) to 2nϭ50 (A. altiparanae, A. taeniatus, A. scabripinnis) .
From the cytogenetic point of view Astyanax scabripinnis has been the most studied species within the genus Astyanax. Great numerical and structural chromosome differences are extant among the several populations analyzed (Moreira-Filho and Bertollo 1991 , Salvador and MoreiraFilho 1992 , Souza et al. 1995 , Mizoguchi and Martins-Santos 1998 , Alves and Martins-Santos 2002 . Research has shown that diploid number may vary from 2nϭ46, 48 and 50 chromosomes and seems to point towards a "species complex" (Moreira-Filho and Bertollo 1991) . The occurrence of a natural triploid (Fauaz et al. 1994 ) and number variations due the presence B chromosomes (Salvador and Moreira-Filho 1992 , Maistro et al. 1992 , Rocon-Stange and Almeida-Toledo 1993 , Mizoguchi and Martins-Santos 1997 , Néo et al. 2000 , Moreira-Filho et al. 2001 , Alves and Martins-Santos 2002 also have been reported in Astyanax scabripinnis populations.
In present paper 2 Astyanax scabripinnis populations from different locality were analyzed and our research aims at understanding the chromosomal mechanisms involved during group diversification.
Materials and methods
Two populations of Astyanax scabripinnis were analyzed: the first comprised 8 specimens (5 males, 3 females) from Amores stream; the other comprised 12 specimens (5 males, 7 females) from the Índios river. Both populations belonged to the Ivaí basin (Fig. 1) . Mitotic chromosomes were obtained from kidney cells according to methodology described by Bertollo et al. (1978) . Cband technique of Sumner (1972) was employed for detection of the constitutive heterochromatin. Silver nitrate (AgNO 3 ) technique described by Howell and Black (1980) detected the nucleolus organizing regions (NORs). Chromosomes were identified according to arm ratio (AR) criteria suggested by Levan et al. (1964) and classified into metacentric chromosomes (M : 1.00ϹARϹ1.70), submetacentric chromosomes (SM : 1.71ϹARϹ3.00), subtelocentric chromosomes (ST : 3.01Ϲ ARϹ7.00) and acrocentric chromosomes (A : 7.01ϹAR).
Results

Astyanax scabripinnis population from Amores stream
This population showed diploid number of 2nϭ48 chromosomes and karyotype comprising 8M, 24SM, 4ST and 12A and fundamental number (FN) 84, for both sexes. NORs were observed in the terminal region of the long arm of chromosome pairs 1 (M), 11 (SM) and 17 (ST) and in the terminal region of the short arm of chromosome pair 9 (SM). Active region of only one homologue was found in pairs 1 (M) and 17 (ST) (Fig. 2a) .
Constitutive heterochromatin exhibited weak centromere markings in various chromosomes and telomeric markings in the long arm of pair 18, and great strongly stained telomeric blocks in the long arm of chromosomes pairs 17, 19, 20, 21, 22 and 24. Difference in heterochromatin quantity occurred in homologues of pairs 17, 20, 21 and 22 (Fig. 3a) .
Astyanax scabripinnis population of the Índios river
This population showed diploid number of 2nϭ48 chromosomes and karyotype comprising 8M, 20SM, 6ST and 14A and fundamental number (FN) 82, for both sexes. NOR terminal region of the long arm of chromosome pairs 10 (SM) and 15 (ST) and the terminal region of the short arm of chromosome pair 18 (A) were impregnated with silver nitrate ( Fig. 2b) . Constitutive heterochromatin showed weak centromere markings in several chromosomes and in the telomeric regions of the long arm of pairs 7, 10 and 23, and great strongly stained telomeric blocks in the long arm of chromosome pairs 15, 16, 17, 18, 19, 20, 21 and 22 (Fig. 3b) . Inter-and intra-individual constitutive heterochromatin polymorphism has also been found in some chromosomes (Fig. 3c) .
Discussion
Although the 2 populations studied in current paper had the same diploid number 2nϭ48 chromosomes they differed formulae karyotype. While population from Amores stream showed karyotype with 8M, 24SM, 4ST, 12A (NFϭ84) and 4 NOR pairs, the population from Índios river showed 8M, 20SM, 6 ST, 14A (NFϭ82) and 3 NOR pairs. This diploid number lies within range of the scabripinnis complex with 2nϭ46, 48 and 50 chromosomes (Moreira-Filho and Bertollo 1991). According to Alves and Martins-Santos (2002) , only 7 out of 48 of Astyanax scabripinnis populations analyzed showed 2nϭ48 chromosomes, three of them belonging to the Ivaí basin. Table 1 shows A. scabripinnis populations from different sites which have been cytogenetically analyzed in the basin. With the exception of those from Yukatan river (Mizoguchi and Martins-Santos 1998) and Tatupeba stream (Fernandes and Martins-Santos, forthcoming), the other populations exhibited 2nϭ48 chromosomes.
According to Mizoguchi and Martins- Santos (1998), populations with diploid number 2nϭ50 chromosomes, more frequent within the scabripinnis complex has been considered with a plesiomorphic character, whereas the variations which give rise to populations with 2nϭ46 and 2nϭ48 chromosomes should be considered derived conditions. Therefore, populations with 2nϭ48 chromosomes must have originated from the 2nϭ50 chromosome ones. This is due to centric fusion arrangements coupled to structural chromosomal arrangements. Constitutive heterochromatin pattern was similar in the 2 populations analyzed. Great strongly stained blocks were present in the telomeric region of the subtelocentric and acrocentric chromosomes. Such heterochromatin pattern has been frequently reported in this group and is a trend preserved within the scabripinnis complex. However, the number of these subtelocentric and acrocentric chromosomes varies among populations. This fact occurs in the population of Amores stream which had 6 strongly stained chromosome pairs, whereas the same marking occurred in 8 chromosome pairs in the Indios river population. In the latter an interindividual polymorphism occurred in number, quantity among homologues and in morphology (double or single bands) of the constitutive heterochromatin of some chromosomes. Mantovani et al. (2000) also reported a similar interindividual polymorphism in A. scabripinnis populations of Marrecas and Centenário streams. Souza et al. (1996) and Mantovani et al. (2000) suggest the model proposed by Schweizer and Loidl (1987) to explain heterochromatin dispersion in the telomeric region in A. scabripinnis, in which the chromosomes with arms and sizes similar remain together during interphase. They have also a linear orientation of the anaphase opposite pole-directed centromeres during mitotic interphase (Rabl polarization), which would allow the transference of heterochromatin between sites equidistant from centromere of non-homologous chromosomes.
Heteromorphism of constitutive heterochromatin among homologues in pairs 18 and 19 of Índios river population and in pairs 17, 20, 21 and 22 of Amores stream one has been attributed to difference in heterochromatin quantity produced by unequal crossing-over or by heterochromatization processes of euchromatin.
Differences in the NOR number between the 2 populations, 4 and 3 NOR pairs, respectively from Amores stream and Indios river populations are due positive Ag-NOR in the first chromosome pair of the first population. The first complement pair and pair 17 of this population had only one Ag-NOR ϩ homologue. It may safely be said that this region is active in only one homologue. Since in all the cells studied no markings in the 2 homologues of the pairs have been found, we may not discard the region's probable transference between non-homologous pairs attributed to heterochromatin dispersion by Schwizer and Loidl (1987) , or by the region's simple translocation. Although only some populations evidence NOR in the first metacentric pair, we suggest that dispersion or translocation may have occurred from chromosomal pair 17 to the first pair. It thus produced the difference in NOR-bearing chromosome number of the 2 populations. Chromomycin A 3 and hybridization analyses may elucidate better the above data.
The widely researched complex scabripinnis has turned up to be useful in the formulation of new biological hypotheses. The latter's verification by new techniques ought to be the subject matter of further investigation.
